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318a Monday, March 7, 2011reductions in LV torsion were also observed in heterozygous cMyBP-C null
mice (cMyBP-Cþ/-). The time course of peak fiber torsion and strain appeared
to be accelerated in cMyBP-C-/- mice, while peak strain development was
slowed in MLP-/- mice. The lack of MyBP-C and MLP in the cardiac myocyte
led to hypertrophic and dilated cardiomyopathy, respectively, and resulted in
severe deficits in the overall contractile function of the heart. However, the pat-
tern and time course of LV torsion and principal strain development appear to
differ in these two models of heart failure, reflecting a contrast in the functional
roles of cMyBP-C and MLP in the myocyte.
1723-Pos Board B633
Kinetic Imaging Cytometry of Stem Cell-Derived Cardiomyocytes Paced
by Electrical Field Stimulation
Alex Savtchenko, Karen Wei, Fabio Cerignoli, Jeffrey Price, Mark Mercola.
Human stem cell-derived cardiomyocytes provide a powerful model system for
basic research studies, drug discovery and toxicology screening. Due to the
electrical nature of their activity, cardiomyocytes are routinely studied using
electrophysiological techniques. However, in addition to being very expensive
and time-consuming, electrophysiology-based testing employs ‘‘one-cell-at-a-
time’’ approach, which significantly limits the amount of the data collected dur-
ing an experiment. Imaging methods, on the other hand, allow acquiring the
enormous amount of information from many cells simultaneously, although
they generally lack the ability to trigger the cellular activity in a physiological
manner.
To address this problem, our group has introduced an automated optical
Calcium Transient Image Cytometer (CTIC) that is capable to physiologically
activate cells via electrical field stimulation and to simultaneously monitor
kinetic fluorescent signals from many cells in real time with the sub-cellular
resolution.
For proper assessment of the cardiomyocyte activity, cardiomyocytes have to
be activated multiple times using the specific stimulation pattern. The need
to preserve the viability of cardiomyocytes through the complicated multi-pa-
rameter stimulation experiments is imposing more stringent requirements on
the cell-friendliness of the electrical stimulation. To achieve this challenging
goal, we have developed a novel electrical stimulation module for the CTIC.
By varying the configuration of electrodes and assay conditions we were
able to achieve a highly reproducible cell-sparing electrical stimulation while
decreasing the voltage required to initiate the response by ~4 fold.
These innovations in the design of the electrical stimulation module allowed
us to perform high content screening of stem-cell-derived cardiomyocytes at
the different stages of their maturation as well as to carry out the pharmacolog-
ical studies of use-dependence mechanisms of different pharmacological
agents.
1724-Pos Board B634
Photon Diffusion Attenuation Length in Tyrode and Blood-Perfused
Myocardial Tissue
Giedrius Kanaporis, Antanas Navalinskas, Arvydas Matiukas,
Bogdan G. Mitrea, Ruta Vosyliute, Jonas Jurevicius, Arkady M. Pertsov.
Photon attenuation length (d) in biological tissues determines interrogation
depth, spatial resolution, and amplitude of fluorescence signal in various types
of optical imaging, including imaging of cardiac excitation using voltage-sen-
sitive dyes. We assessed d in human and pig myocardium at excitation/emis-
sion wavelengths of commonly used and recently developed near-infrared
voltage-sensitive dyes. We also compare d in Tyrode vs blood-perfused tissues
and simulate respective voltage-sensitive fluorescent signals in the context of
potential clinical applications (in vivo optical mapping of heart electrical activ-
ity). Experiments were conducted in isolated slabs of ventricular myocardium.
Light decay inside the tissue was measured via a 600mm diameter optrode at
520, 650, and 715nm. The d was determined by fitting data to a theoretical for-
mula for light attenuation [Mitrea et al. 2009].
For wavelengths tested, (see table) the d in porcine and human myocardium are
similar, which makes porcine myocardium a good model for development ofclinical imaging applications. Blood perfusion reduces d, particularly at
520nm. However, our simulations show that, the resulting reduction of optical
action potential is <16% (for NIR dyes). which would not be a major imped-
iment for in vivo imaging of cardiac excitation.1725-Pos Board B635
Single-Camera Multi-Parametric Optical Mapping During Local Excita-
tion of Isolated Rat Heart
Peter Lee, Christian Bollensdorff, Joseph P. Wuskell, Leslie M. Loew,
Peter Kohl.
Simultaneous optical mapping of multiple electrophysiologically relevant pa-
rameters in living tissue is desirable for integrative exploration of mechanisms
underlying organ function in norm and pathology. Current multi-parametric
methods are technically challenging, usually involving several sensors, com-
plex optical configurations/alignment and moving parts (e.g. mechanical shut-
ters and filter wheels). This increases logistic and economical thresholds,
preventing turn-key solutions and broader application. Therefore we developed
a simple, affordable and effective method for single-sensor multi-parametric
optical mapping.
The developed system can measure membrane potential (Vm) and intracellular
free calcium concentration ([Ca2þ]i) using the following functional dyes: Di-4-
ANBDQPQ (Vm), Fura-2 ([Ca
2þ]i). Four parameter (ratiometric Vm and ratio-
metric [Ca2þ]i) configuration has been designed using light-emitting-diode
(LED) excitation sources ranging from UV to red wavelengths. High-speed
coordination between the LEDs and a 128x128, 16-bit electron-multiplied
charge-coupled device (EMCCD) camera system (Cascade 128þ; Photomet-
rics) was achieved with inexpensive and versatile microcontroller-based elec-
tronics. Emission fluorescence from dyes was passed through off-the-shelf
and custom multiband filters, a technology not widely explored in the context
of optical mapping.
Here, we present simultaneous ratiometric Vm and ratiometric [Ca
2þ]i imaging
with Di-4-ANBDQPQ and Fura-2 in the rat whole-heart. For proof-of-principle
application, we integrated this imaging technology with timed local electrical
and mechanical stimulation to study mechano-electric coupling at the organ
level.
Combining an affordable off-the-shelf camera with optical filters and LEDs,
single-sensor multi-parametric optical mapping can be practically imple-
mented and applied to heart research. The moderate system complexity and
component cost (less than 5% of camera cost) may lower the threshold to
broader application of functional imaging and ease implementation of more
complex optical mapping approaches such as panoramic multi-parametric op-
tical mapping.
1726-Pos Board B636
Myonuclear Domain Size and 3d Myonuclear Organization in Single
Muscle Fibers from Myostatin Deficient Or IGF1 Overexpressing Mice
Rizwan Qaisar.
Myostatin deprived or IGF-1 over-expressing mice are characterized by a 2-3
fold increase in muscle size compared to controls. Despite the hypertrophy
these mice show significant difference in force generating capacity, i.e., max-
imum force normalized to muscle fiber cross-sectional area or specific force.
That is, specific tension in IGF1 overexpressing transgenic mice is similar to
controls while significantly lower in the myostatin knock out mice. The mech-
anism underlying this compromised muscle function is unknown. In an attempt
to explore this mechanism we have investigated the size of cytoplasmic volume
(myonuclear domain MND) supported by individual myonuclei in single mus-
cle fiber segments from myostatin deficient, IGF1 over-expressing and control
mice, using a novel algorithm to measure the MND in 3D. Single skinned mus-
cle fiber segments were mounted at fixed sarcomere length corresponding to
optimum filament overlap for force generation and stained with DAPI (myonu-
clei) and rhodamine (actin). Our image analysis algorithm was highly effective
in determining the spatial organization of myonuclei and distribution of MNDs
along the length of the fiber. Early results point towards an inverse relationship
between MND and specific force. This implies that hypertrophy is primarily
due to expansion of existing MNDs in myostatin knock-outs, and addition of
more myonuclei in IGF1 over-expressing mice. This is suggested to have
significant effects on transcriptional control of protein synthesis/degradation,
turnover rates and/or posttranslational modifications of contractile proteins.
We conclude that a maintained MND size is a prerequisite for force generation
capacity in hypertrophied muscle fibers.
1727-Pos Board B637
Dipole Emitter Lateral Point Spread Function Communicates Orientation
and Axial Position
Thomas P. Burghardt.
Photoactivatable fluorescent probes developed specifically for single molecule
detection extend advantages of single molecule imaging to high probe density
regions of cells and tissues. They perform in the native biomolecule environ-
ment and have been used to detect both probe position and orientation. Native,
high density, single molecule detection may have added significance if
Monday, March 7, 2011 319amolecular crowding impacts biomolecule behavior as expected inside the cell.
Fluorescence emission from a single photoactivated probe captured in an oil
immersion, high numerical aperture objective, produces a spatial pattern on
the detector that is a linear combination of 4 independent and distinct spatial
basis patterns with weighting coefficients specifying emission dipole orienta-
tion. Basis patterns are tabulated for single photoactivated probes labeling my-
osin cross-bridges in a permeabilized muscle fiber undergoing total internal
reflection (TIR) illumination. Emitter proximity to the glass/water interface
at the coverslip implies the dipole near field and dipole power normalization
are significant affecters of the basis patterns. Other characteristics of the basis
patterns are contributed by field polarization rotation with transmission through
the microscope optics. Pattern recognition utilizes the generalized linear model
(GLM), maximum likelihood fitting, for Poisson distributed uncertainties. This
fitting method is more appropriate for treating low signal level photon counting
data than c2 minimization. Results indicate that emission dipole orientation
is measurable from the intensity image except for the ambiguity under dipole
inversion. The advantage over an alternative method comparing two measured
polarized emission intensities using an analyzing polarizer is that information
in the intensity spatial distribution provides more constraints on fitted
parameters and a single image provides all the information needed. Also, axial
distance dependence in the emission pattern is exploited to measure relative
probe position near focus. Supported by NIH NIAMS and NHLBI grants
R01AR049277 and R01HL095572.
1728-Pos Board B638
Fast Topology Changes During SNARE-Mediated Vesicle Fusion Ob-
served in Supported Membranes by Polarized Tirfm
Kiessling Volker, Marta K. Domanska, Lukas K. Tamm.
In vitro reconstitution experiments have played an essential role in a large body
of research on SNARE-mediated membrane fusion. Recently, new single ves-
icle assays have been developed to gain more detailed insight into the kinetics
of vesicle docking and fusion. Previously, we used supported membranes in
combination with total internal reflection microscopy (TIRFM) to record the
docking and fusion of synaptobrevin containing vesicles with 4 ms time reso-
lution. Depending on the lipid conditions, we found that between 3 and 8
SNARE complexes are needed for fast fusion in this system. Here we utilize
polarized TIRFM to investigate topology changes that the docked vesicles
undergo after the onset of fusion. The theory that describes the fluorescence
intensity during the transformation of a single vesicle from a spherical particle
to a flat membrane patch is developed and confirmed by experiments with the
three fluorescent probes Rh-DOPE, NBD-DPPE and BODIPY-PC. Our results
show that, on average, the fusing vesicles flatten and merge into the planar
membrane within 8 ms after fusion starts.
1729-Pos Board B639
Assessing the Metabolic State of Cultured Cells and the Intact Cochlea by
Two-Photon Fluorescence Intensity and Lifetime Imaging
Michael G. Nichols, Clifford S. Hecht, Lonzale Ramsey, Jorge A. Vergen,
Kristina G. Ward, LeAnn M. Tiede, Richard Hallworth.
The ability to match energy production with demand is a fundamental determi-
nant of the health of cells, tissues, and organs of the body. Metabolism and
mitochondrial dysfunction have been broadly implicated in many disease
states, including hearing disorders and noise-induced hearing loss. We have
employed two-photon fluorescence imaging of intrinsic mitochondrial reduced
nicotinamide adenine dinucleotide (NADH) and flavoprotein (Fp) to quantify
the metabolic state of several cultured cell lines, multicell tumor spheroids,
and the intact mouse organ of Corti. Historically, the fluorescence intensity
has commonly been used as an indicator of the reduced NADH and/or oxidized
Fp concentration in cells and tissue. More recently, fluorescence lifetime
imaging has revealed that changes in metabolism produce not only changes
in fluorescence intensity, but also significant changes in the lifetimes and con-
centrations of free and enzyme-bound pools of NADH. This presents a new
opportunity to track the cellular metabolic state as NADH binding changes
with metabolism. To better understand what is revealed by variations in the
fluorescence intensity and lifetime distributions, we have used mitochondrial
uncouplers and inhibitors in conjunction with manipulation of substrate and
oxygen concentrations to systematically adjust the metabolic state. We will
compare the similarities and differences of the intensity- and FLIM-based as-
sessment of metabolic rate in model systems of increasing complexity, ranging
from single cells to intact tissue, highlighting the advantages and limitations of
each technique.
Supported by NIH DC 02053, NSF-EPSCoR EPS-0701892 (CFD 47.076), NIH
P20 RR16469 from the National Center for Research Resources (NCRR), and
NIH R15 GM085776.1730-Pos Board B640
Genetically Targetable Cell Surface Selected pH Sensor
Anmol Grover, Brigitte F. Schmidt, Laura Kremer, Qi Yan,
Marcel P. Bruchez.
The specific noncovalent interactions between a monomethine dye and a single
chain variable fragment antibody can be used to target and activate dye mole-
cules that are otherwise nonfluorescent in solution at a specific protein partner
in living cells. This interaction/activation process allows detection of bound
dye in the presence of a large excess of unbound dye, a useful property for dy-
namic imaging. To apply this approach to environmental sensing, a series of
tandem dye molecules were prepared consisting of a fluorogen and a pH sensi-
tive cyanine dye linked at distances where intramolecular energy transfer was
dominant. The binding of these molecules to their respective fluorogen activat-
ing peptides provided a series of genetically targeted and activated probes that
function as single excitation ratiometric emitter probes, or as ratiometric exci-
tation probes, depending on the arrangement of the energy transfer pair, and
displayed pH responses with pKa values from 6.0 to 8.0. These probes allowed
tracking and repeated pH measurements of b2 adrenergic receptor internaliza-
tion and sorting at a single vesicle level, in 4-d confocal microscopy.
Bioinformatics
1731-Pos Board B641
The Structural Biology Knowledgebase - search Online for Protein
Sequences, Structures, Functions, Methods and More
Margaret Gabanyi, John Westbrook, Wendy Tao, Raship Shah,
David Micallef, William McLaughlin, Torsten Schwede, Konstantin Arnold,
Lorenza Bordoli, Paul Adams, Wladek Minor, Helen Berman.
The Structural Biology Knowledgebase (SBKB, URL: http://sbkb.org) is
a free online resource designed to combine all protocols and results of the
structural genomics and structural biology efforts with information from the
biological community in order to have a better understanding living systems
and disease. We will present examples of how to navigate the SBKB and
how to use it to enable biological research. For example, a protein sequence
or PDB ID search will provide a list of protein structures from the Protein
Data Bank, associated biological descriptions (annotations), homology
models, structural genomics protein target information, experimental proto-
cols, and the ability to order available DNA clones. A text search will find
technology reports and publications that were created by the Protein Structure
Initiative’s high-throughput research efforts. Web tools that aid in bench top
research, such as the Sequence Comparison and Analysis tool for protein con-
struct design, will also be demonstrated. Created in collaboration with the Na-
ture Publishing Group, the Structural Biology Knowledgebase Gateway
provides a research library, editorials about new research advances, news,
and an events calendar also present a broader view of structural genomics
and structural biology.
The SBKB is funded by the Protein Structure Initiative/NIGMS.
1732-Pos Board B642
Moonlighting Proteins Database
Mathew Mani, Constance Jeffery.
Moonlighting proteins comprise an interesting subset of multifunctional pro-
teins in which the two functions are found in a single polypeptide chain.
They do not include proteins that are multifunctional due to gene fusions, fam-
ilies of homologous proteins, splice variants, or promiscuous enzyme activities.
Moonlighting proteins include several different kinds of enzymes and other
proteins and different combinations of functions. Recent crystal structures of
some moonlighting proteins have provided clues to the molecular mechanisms
of one or both functions, and in some cases how a protein can switch between
functions. We are preparing a curated, searchable database that contains infor-
mation about the sequences, structures, and functions for known moonlighting
proteins.
1733-Pos Board B643
TMBB-DB: A Proteomic Database of Transmembrane b-Barrel Predic-
tions
Thomas C. Freeman Jr., William C. Wimley.
The transmembrane b-barrel (TMBB) is one of the two major structural motifs
found in membrane-spanning proteins. TMBBs are found exclusively in the
outer membranes of Gram-negative bacteria, mitochondria, and chloroplasts.
Because TMBBs perform a vast array of functions (e.g. signal transduction
and cellular adhesion) and are surface-exposed, they present an exploitable vul-
nerability in drug-resistant pathogenic Gram-negative bacteria. Technical defi-
ciencies have impeded progress in the structural study of TMBBs, which is
